suite. The optical models are created using Version 2 AERONET inversion data at six distinct decreases with increasing distance transported, whereas the spherical assumption leads to a 1 Introduction 45 Mineral dust, among other aerosol types, is one of the key constituents in the terrestrial 46 atmosphere, producing important climate forcing through directly perturbing radiation balance 47 [Liao and Seinfeld, 1998; Li et al., 2004; Lee et al., 2014] and interacting with clouds [Yin et al., 48 2002; Yoshioka et al., 2007; Cziczo et al., 2013] . It contributes to a significant portion of the 49 global aerosol loadings thereby responsible for a large amount of the aerosol radiative effect 50 [Tegen et al., 1997; Chin et al., 2014] . 51 One of the important characteristics of mineral dust particles from light scattering 52 perspective are their nonspherical geometric shape, which makes the Lorenz-Mie theory 53 inappropriate for the calculation of their scattering properties. To overcome this issue, numerous 54 efforts have been made to accurately compute the light scattering of nonspherical particles, 55 including the T-matrix method [Waterman, 1971; Mishchenko and Travis, 1994] , the discrete 56 dipole approximation [Draine and Flatau, 1994; Yurkin et al., 2007] , the finite-difference time 57 domain method [Yee, 1966; Liou, 1995, 1996; Yang et al., 2000] , and geometric optics used [Dubovik et al., 2006; Kemppinen et al., 2015] . Consequently, spheroid mixtures have been 65 used in aerosol inversion algorithms for ground-based and spaceborne instruments given the fact 66 that it is impractical to implement ever-changing dust morphologies in the algorithms [Kahn et Since aerosols are ubiquitous and show complex spatiotemporal distributions over the 69 globe, satellite observations have been recognized as an important source of data, with the ability 70 to observe extensive areas at a high spatiotemporal resolution [Kaufman et al., 2002] . Satellite 71 algorithms to retrieve aerosol optical properties using visible to shortwave infrared bands 72 generally incorporate lookup tables of calculated TOA (top of the atmosphere) reflectance for 73 various aerosol types (or aerosol optical models) to compare the simulated TOA reflectance 74 against the measurements made by the satellite sensors in their retrieval implementations. 75 Therefore, the simulation of the TOA reflectance needs to be highly accurate, and thus demands 76 realistic aerosol optical property models in the radiative transfer calculations. 77 As one of the NASA's operational aerosol retrieval algorithms, the Deep Blue aerosol 78 project (https://deepblue.gsfc.nasa.gov) has provided long-term global aerosol data records over 79 both land and water surfaces using Sea-viewing Wide Field-of-view Sensor (SeaWiFS) from 80 1997 to 2010 [Hsu et al., 2004 [Hsu et al., , 2006 [Hsu et al., , 2013 Sayer et al., 2012a Sayer et al., , 2012b [Holben et al., 1998; Eck et al., 1999] . Ångström exponent (hereafter denoted as AE or ), a 125 qualitative indicator of aerosol particle size [Ångström, 1929] , can be derived as the slope of .
(1)
128
In this investigation AERONET  is defined across the spectral range 440 -870 nm.
129
The AERONET inversion algorithm [Dubovik and Here we provide a brief description of the VIIRS SOAR algorithm and its data products.
219
The initial application to SeaWiFS was described fully by Sayer et al. between the optical models is assumed.
234
The dust optical model is developed in a way to minimize changes in the algorithm (and 235 lookup India and China than over North Africa and the Arabian Peninsula, possibly due to differences in 272 transport distance and wind speed [Kok, 2011] . It is worthwhile to note that a decreasing 273 tendency of particle size of dust generated in the Bodélé Depression (decreasing effective radius 274 from east to west over North Africa) is detected during the transport likely due to faster dry 275 deposition of larger particles [Giorgi, 1986; Lin et al., 1994] . In addition, the smaller effective 276 radii in the coastal regions imply that using data from inland AERONET sites for ocean 277 algorithm could lead to an overestimation of particle size, which can in turn result in an 278 overestimation in the satellite-retrieved AOD due to an underestimation in the aerosol 279 backscattering fraction (the larger the particle size, the lower the backscattering fraction). Tables 1 and 2 summarize the microphysical and optical   347 properties of coarse-mode dust at the six locations and those of fine-mode, respectively. Given the size distribution parameters and complex refractive index in Tables 1 and 2, we   357 derive bulk scattering properties by integrating the single-scattering properties of individual 358 particles over the size distribution for fine-mode (spheres) and both size distribution and aspect 359 ratio for coarse-mode (spheroids). As mentioned previously, we assume the same spheroid shape 360 distribution as used in the AERONET inversion algorithm for the coarse-mode (dust), such that 361 the optical model can be consistent with the sky radiance measurements made by AERONET.
362
The fine-and coarse-mode optical models are created separately and then mixed together in the particle shape distribution, which is also adopted in the current study, may therefore be less 457 appropriate for simulations of dust at longer wavelengths. In this regard, adjusting the assumed 458 refractive indices at these wavelengths can ameliorate these errors. index, even though they may be of chemically distinct origins. In the present study the influence 461 of this assumption was reduced by filtering AERONET inversions based on FMF to isolate dust-462 dominated scenes, although it could still be a factor. 463 Thus, while the AERONET inversions provide an excellent baseline from which to start, 464 it is reasonable to make adjustments within this magnitude to improve the agreement with 465 validation data (the AERONET direct-Sun data being independent of the AERONET inversions).
466
It is hoped that revisiting the analysis with a future AERONET version may reduce or remove 467 the extent to which empirical adjustments are necessary. 
468

Summary and Conclusions
625
We presented a methodology for developing nonspherical dust optical models based on 626 AERONET inversion data for use in the SOAR algorithm that will create the Version 1 VIIRS
627
Deep Blue aerosol data product, which is planned to be released to the public in late 2017. These 628 models can be used for other aerosol remote sensing or modeling purposes as well. We account 629 for nonsphericity of dust particles by incorporating the same spheroid shape distribution as used 630 in the AERONET inversion algorithm when integrating the optical properties of the single 631 particle database used in this development. By doing so, the consistency between the aerosol 632 optical models and sky radiances observed by AERONET could be preserved. spherical and spheroidal models implied that climatological data from spherical assumption 643 might be as useful as those from more advanced spheroidal assumption. However, it was 644 revealed that there was still noticeable difference between the two in monthly mean data sets.
645
Although averaging for a longer-term period might reduce the difference further, it also limits 646 applications due to the averaging of the temporal signature of dust storms. Thus, the spheroidal 647 assumption is superior in a climatological sense as well. In addition to AOD, the spheroidal 648 model reduces the bias in AE (or FMF), which has implications for scientific applications where 649 aerosol size information is of importance.
650
The scattering angle dependence of AOD also caused an artificial spatial pattern, which 651 was improved when considering spheroidal model, in daily and monthly AOD maps. The 652 improvement is expected to contribute to more accurate quantification of dust transport with the 653 VIIRS' broad (3,040 km) swaths.
654
Since present approach is limited by the availability of AERONET inversion data, it is 655 not trivial to create optical models for the dust sources that are not well-sampled by AERONET 656 (e.g. Namib/Kalahari deserts, central Australia, Patagonia, Alaska). Thus, future attention to 657 these regions is desired to achieve more complete set of dust optical models over the globe.
658
Although this study only focused on implementing the dust optical models in the VIIRS 
